Background: Despite impressive advancements in early interventions in psychosis, there is an urgent need of robust neurobiological markers to improve the predictive value of psychosis transition. Available structural imaging literature in the field is undermined by several methodological caveats and a number of confounders such as exposure to antipsychotic treatment. Methods: Fourteen voxel-based morphometry studies of antipsychotic-naive subjects at enhanced clinical risk for psychosis (high risk [HR]) or experiencing a first-episode psychosis (FEP) were included. Formal meta-analysis of effect sizes and ''signed differential mapping'' voxel-based meta-analysis were combined to control the results for sample sizes, strength of individual findings, and confounding variables. Results: Formal effect size meta-analysis indicated consistent gray matter (GM) reductions both in subjects at enhanced clinical risk for psychosisandinfirst-episodesubjectswhencomparedwithcontrol groups. Voxel-based meta-analysis showed GM reductions in the temporal, limbic prefrontal cortex within the HR group and in the temporal insular cortex and cerebellum within the FEP group. Psychosis onset was characterized by GM decreases in temporal, anterior cingulate, cerebellar, and insular regions. GM alterations in the temporal regions directly related to severity of psychotic symptoms. There was no publication bias. Heterogeneity across studies was low. Sensitivity analyses confirmed robustness of the above results. Conclusions: Vulnerability to psychosis is associated with consistent GM decreases in prefrontal and temporolimbic areas. The onset of full disease is accompanied by temporoinsular, anterior cingulate, and cerebellar GM reductions. Neuroanatomicalalterationsintemporalregionsmayunderlietheclinical onset of psychotic symptoms.
Introduction
Over the past decade, research on the psychosis risk syndrome (known variably as ''clinical high risk (HR) '' or ''ultra HR'' or ''prodromal'') has exponentially progressed, allowing for preventive interventions to be feasible in clinical psychiatry. 1 In the light of the severe functional, social, and economic long-term impact of psychoses, preventive interventions have been welcomed with a warm enthusiasm, and the number of new clinical services devoted to people at enhanced risk for psychosis has grown up worldwide. Ultimately, such clinical and research interest has lead to the proposal to include the HR syndrome as a new diagnosis in the coming Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition (DSM-V). 2 However, despite these promises, validity of psychosis risk criteria is still highly discussed, and the problem of false positives undermines the benefits of preventive interventions. 3 There is thus urgent need of reliable neurobiological markers underlying transition from a risk state to established psychosis. Neuroimaging techniques have promised to address this issue, 4 and the HR for psychosis has been associated with alterations in the structure, 5, 6 function, [7] [8] [9] connectivity, 10 and neurochemistry [11] [12] [13] of the brain 4, 14 (for a review or structural findings, see ref. 5 and for reviews of functional findings, see ref. 7, 8 ). However, despite the advancements of basic research in neuroscientific investigations, the diagnosis of HR state is nowadays still based on psychopathological criteria 15 because of inconsistent and conflicting findings across individual imaging studies. 14 A number of factors may contribute to heterogeneity across imaging findings; however, exposure to antipsychotic may play a prominent confounding role. Recent evidence has indicated even short-term treatment with antipsychotics canaffectboththefunction 16 andthestructure 17 ofthebrain during the early phases of the illness.
Our first aim was to address some of the methodological caveats present in the previous voxel-based meta-analyses controlling the results for the potential confounding effect of antipsychotic treatment. We have thus selected only antipsychotic-naive subjects at enhanced clinical risk for psychosis or experiencing a first episode of disease.
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Next, we have combined a voxel-based meta-analysis with a formal meta-analysis, weighting the results for sample sizes of individual studies and controlling for moderator variables. We tested the hypothesis that psychosis onset was associated with specific gray matter (GM) changes in prefrontal and temporal areas and that these would be correlated with psychotic symptoms.
Methods
Our first aim was to conduct a robust meta-analysis of GM changes underlying psychosis onset, so we have adopted a multi-steps methodological approach. At the level of selection procedures, we have controlled for the potential effect of antipsychotic treatment by choosing stringent inclusion criteria and focusing on antipsychotic-naive patients only. As available voxel-based meta-analytical packages methods do not allow controlling for the strength of results, we have additionally performed a formal metaanalysis of effect sizes to address robustness of individual findings, publication biases, and heterogeneity. Finally, we have employed signed differential mapping (SDM) to analyze the spatial coordinates obtained from the database and controlling the results for a number of potential moderators.
Selection Procedures
Search Strategies. A systematic search strategy was used to identify relevant studies. Two independent researchers conducted a 2-step literature search. First, we carried out a Medline search to identify putative voxel-based morphometry (VBM) studies in subjects at enhanced clinical risk for psychosis or with a first episode of psychosis. The search was conducted in February 2011, and no time span was specified for date of publication. We used the following search terms: ''VBM,'' ''psychosis risk,'' ''prodromal psychosis,'' and ''first-episode psychosis (FEP).'' In a second step, the reference lists of the articles included in the review were manually checked for relevant studies not identified by computerized literature searching. There was no language restriction, though all included articles were in English.
Selection Criteria. Studies were included according to the following criteria: (a) being an original article in a peerreviewed journal, (b) have enrolled an antipsychotic-naive patient group (subjects at enhanced clinical risk for psychosis according to established criteria-HR, see below-or subjects with a FEP) and a matched control group, (c) have employed structural neuroimaging in conjunction with whole brain VBM. Studies reporting only region of interests (ROIs) findings were not included in the present meta-analysis. Similarly, we did not use coordinates relative to analyses employing small volume corrections (SVC) in preselected ROIs. Authors of studies where Talairach or Montreal Neurologic Institute coordinates (necessary for the voxel-level quantitative meta-analysis) were not explicitly reported were contacted to reduce the possibility of a biased sample set. In cases where the same or similar samples were used in separate articles, we only included data from the analysis of the largest sample. Studies were independently ascertained and checkedby the 2 researchers, and inclusion and exclusion criteria were evaluated by consensus. To achieve a high standard of reporting, we have adopted ''Preferred Reporting Items for Systematic Reviews and Meta-Analyses'' guidelines 18 and the revised QUOROM Statements (Quality Of Reporting Of Metaanalyses) 19 (see figure 1 ).
Recorded Variables. The recorded variables for each article included in the meta-analysis were: disease stage (first episode, HR), sample size, gender, mean age of participants, imaging package employed, IQ, duration of untreated psychosis/illness (DUP/DUI), handedness, and magnet intensity. Additionally, we recorded the statistical significance of the main findings and the method employed to correct the whole-brain results for multiple comparisons. Results were comprehensively reported in tables to assist the reader in forming an independent view on the following discussion.
Statistical Analysis
Meta-Analysis of Individual Effect Sizes. The available voxel-based packages do not allow for weighting of the results based on the level of statistical significance reported in each study for a specific contrast. This means that it is not possible to exactly determine the relative strengths of GM differences between patients and controls. To address the strength of GM changes in the HR and FEP cohorts, we have computeda preliminarymeta-analysisofindividualeffect sizes by using Comprehensive Meta-Analysis Software version 2 (Biostat, Inc., Englewood, NJ). This package employs the same computational algorithms used by the Cochrane Collaborators to weight studies. For each contrast included in the DSM meta-analysis, we have extracted the patient-control statistical difference (p or t value), and as a measure of effect size, we have adopted the Hedges' g, in order to correct for bias from small sample sizes. 20 We employed random effects models because they are more conservative than fixed-effect models and argued to better address heterogeneity between studies and study populations, allowing for greater flexibility in parsing effect size variability. Moreover, they are less influenced by extreme variations in sample size. 21 The effect sizes were computed separately in the FEP and in the HR samples and then an overall estimate across groups was provided. The influence of potential moderators such as age, gender (percentage of females), and magnet intensity on the overall meta-analytical estimates was addressed in meta-regressions. Heterogeneity among study point estimates was assessed with the Q statistic with magnitude of heterogeneity being evaluated
with the I 2 index. 22 Publication bias was examined by visually inspecting funnel plots and applying the regression intercept of Egger et al. 23 In this way, we assessed whether there was a tendency for selective publication of studies based on the nature and direction of their results. In addition, we used the fail-safe procedure 24 to generate a number of unpublished studies that would be needed to move estimates to a nonsignificant threshold. To assess robustness of theresults,weperformedsensitivityanalysesbysequentially removing each study and rerunning the analysis.
Voxel-Wise Meta-Analysis. Prior of conducting the voxelbased meta-analysis, a strict selection of the reported peak coordinates of GM differences was applied by only including those that appear statistically significant at the whole-brain level (no SVCs). We have also carefully checked the same statistical threshold throughout the whole brain was used within each included study. This is intended to avoid biases toward liberally thresholded brain regions because it is not uncommon in neuroimaging studies that the statistical threshold for some ROI is rather more liberal than for the rest of the brain. SDMwasrecentlyemployedtoanalyzeGMchangesinVBM studies(www.sdmproject.com/software/). 25 SDMhastheadvantage over other meta-analytical tools of using all the foci information from contributing studies, of including both positive and negative findings in the same map, and of allowing meta-regressions to controls for moderators. The SDM methods have been described in detail elsewhere 26 and are only briefly summarized here. First, a map of the differences in GM is separately recreated for each study. This includes limiting voxel values to a maximum to avoid biases toward studies reporting various coordinates in proximity and reconstructing both increases and decreases of GM in the same map. Second, meta-analytic maps were obtained by voxel-wise calculating the corresponding statistics from the study maps, weighted by the squared root of the sample size of each study so that studies with large sample sizes contribute more. The statistical significance of each voxel is determined using standard randomization tests. 25, 26 The influence of age, percentage of female patients, magnet intensity, and Positive and Negative Syndrome Scale (PANSS) total scores on GM differences was addressed in meta-regression analyses. Age of patients was included in its linear and quadratic forms (age and age squared, the latter obtained from age mean and variance) because the developmental trajectories of some brain regions during psychosis onset may be not linear. 
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Neuroanatomical Maps of Psychosis Onset with the I 2 index. 22 Publication bias was examined by visually inspecting funnel plots and applying the regression intercept of Egger et al. 23 In this way, we assessed whether there was a tendency for selective publication of studies based on the nature and direction of their results. In addition, we used the fail-safe procedure 24 to generate a number of unpublished studies that would be needed to move estimates to a nonsignificant threshold. To assess robustness of theresults,weperformedsensitivityanalysesbysequentially removing each study and rerunning the analysis.
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Standard SDM within groups meta-analyses 26 were conducted separately in FEP and HR subjects to describe the differences in GM between patients and healthy controls. Next, we contrasted HR and FEP by calculating the between-groups difference in each voxel and determining its statistical significance using a randomization test. 26 These analyses were complemented with additional analyses to assess the robustness of the findings. 26 These included descriptive analyses of quartiles to find the actual proportion of studies reporting results in a particular brain region (regardless of P values) and jackknife sensitivity analyses to assess the replicability of the results. Results were thresholded at P < .001 uncorrected, which has been found to be empirically equivalent to P < .05 corrected for multiple comparisons under different conditions. 27 Additionally, we applied an extent threshold of Ke > 20 voxels.
Results

Inclusion Criteria for the HR Population
The HR studies included in the present study had recruited the participants on the basis of validated criteria developed toidentify individualswithanenhancedrisk forpsychosisat a clinical phase when first symptoms and/or impairments emerge. These might present as ''attenuated psychotic symptoms 28 '' that are present below the threshold of full psychosis, ''brief and self-limiting psychotic symptoms,'' 28 or a significant decrease in functioning in the context of a ''genetic risk for schizophrenia'' (Genetic Risk and Deterioriation syndrome) 28 as well as early subjective disturbances of cognitive processes and the perception of the self and the world (BS, Basic Symptoms). 29 Three interview measures have been developed to operationalize the UHR criteria: the Comprehensive Assessment of At Risk Mental State, 30 the Structured Interview for Prodromal Syndromes, 31 and the Basel Screening Instrument for Psychosis, 32 while basic symptoms are usually assessed with the Bonn Scale for the Assessment of Basic Symptoms 33 and the Schizophrenia Proneness Instrument, Adult Version. 34 
Number of Studies Found
Fourteen studies met inclusion criteria for the current meta-analysis (figure. 1). Specifically, we included 198 antipsychotic-naive subjects at HR for psychosis (mean age 22.5 years, SD 5.2) matched with 254 controls (mean age 23 years, SD 5.7; P > .05). The second cohort was relative to 206 antipsychotic-naive FEP subjects (mean age 26.4 years, SD 2.9) matched with 202 controls (mean age 26.7 years, SD 3.2; P > .05). Majority of studies was performed on a 1.5 Tesla Magnetic Resonance Imaging scanner and employed Statistical Parametric Mapping as imaging package. Most of them (79%) reported whole-brain findings corrected for multiple comparisons. Details of the included studies are presented in online supplementary table 1.
Formal Meta-Analysis of Effect Sizes
All VBM studies but one 35 reported significant GM decreases in the patient group (FEP or HR) as compared with controls. Two VBM studies in FEP subjects reported both GM increases and decreases 36, 37 in patients as compared with controls. Meta-analysis of effect sizes showed no consistent GM increases in the patient groups as compared with control groups (P > .05). Conversely, overall Hedges'g scores indicated consistent GM reductions both in subjects at HR for psychosis (Hedges's g =0.687, 95%CI 0.494-0.879, Z = 6.998, P < .001) and in FEP subjects (Hedges'g = 0.834, 95%CI 0.549-1.119, Z = 5.732, P < .001) when compared with controls (figure 2). No significant effect for magnet intensity, IQ, DUP/DUI, handedness, gender, and age was detected.
Visual inspection of funnel plots revealed no obvious evidence of publication bias. Quantitative evaluation of publication bias, as measured by the Egger intercept, was nonsignificant (P = 0.319). Finally, the fail-safe procedure determined that 386 unpublished studies would be needed to bring the overall meta-analytic estimate to a nonsignificant threshold. Robustness of meta-analytic findings was examined by sequentially removing each study and reanalyzing the remaining data set (producing a new analysis for each study removed). No study affected the overall Hedge's g estimate more than 6%. The pattern of differences across the subanalyses remained essentially unchanged in direction and magnitude. According to the criteria set by Higgins and Thompson, 38 heterogeneity in published studies was small in magnitude and statistically nonsignificant (Q = 14.258; P = 0.356; I 2 = 8.826).
Voxel-Wise Meta-Analysis
Within Groups Comparisons. High Risk We detected significant GM reductions in with controls in a region spanning the right middle temporal and superior temporal gyri (BA41; P < 0.001), in the right parahippocampal gyrus and hippocampus (P < 0.001), in the left anterior cingulate (P < 0.001), and in the right middle frontal gyrus (table 1 and figure 3 ). No significant GM increases were found in the HR as compared with the control group. First Episode Psychosis We detected significant GM reductions in FEP subjects as compared with controls in a wide cluster extending from the right superior temporal gyrus to the right insula (P < 0.00005), in the left insula (P < 0.0005), and in the left cerebellum (P < 0.0005; table 1 and figure 3) . No significant GM increases were found in the FEP as compared with controls.
Between Groups Comparisons. There were significant GM reductions in the FEP group as compared with the HR group in the right superior temporal gyrus (P < 0.0005), in the right anterior cingulate (P < 0.0005), in the left cerebellum (P < 0.0005), and in the left insula (P < 0.005; table 1 and figure 4). Conversely, no significant GM increases were observed in the FEP group as compared with the HR group.
Effect of Moderators. There were no significant effects for age, gender, magnet intensity, IQ, DUI/DUP, and handedness on the GM differences described above here. However, we detected a statistically significant correlation between GM changes and symptoms in the right superior temporal gyrus (x = 43, y = 18, z = �26, r = �0.828, R2 = 0.69, P = .006, see figure 5 ). Across the whole sample (HR þ FEP), GM decreases were associated with elevation of the PANSS total score. This correlation survived correction for multiple comparisons and remained significant after checking for potential outliers with the Cook's d test.
Discussion
To our best knowledge, this is the largest whole-brain structural meta-analysis exploring GM changes in antipsychotic naive subjects in relation to psychosis onset. Formal meta-analysis of individual effect sizes showed a consistent pattern of GM decreases in the patient groups as compared with controls. Voxel-based meta-analysis identified GM reductions in the right temporal, limbic prefrontal cortex within the HR group and in the temporoinsular cortex and cerebellum within the FEP subjects. Psychosis onset was characterized by GM volume reduction in right temporal and left anterior cingulate, cerebellar, and insular regions. GM reductions in the temporal regions were inversely correlated with severity of psychotic symptoms.
We adopted a multiple-step approach with the encompassing objective of providing reliable neuroanatomical maps of psychosis onset. First, at the stage of studies selection, we decided to include whole-brain (VBM) studies only avoiding ROI approaches (ie, ROIs or even SVC). Additionally, we carefully checked that the majority of studies included have employed some statistical method to correct the whole-brain results for multiple comparisons. The specific aim of the present meta-analysis however was to control for the potential confounding effect of medications. Thus, we have selectively included studies enrolling antipsychotic-naive subjects only. There is converging evidence indicating chronic antipsychotic treatment can influence GM volume in established psychosis. Effect of Moderators. There were no significant effects for age, gender, magnet intensity, IQ, DUI/DUP, and handedness on the GM differences described above here. However, we detected a statistically significant correlation between GM changes and symptoms in the right superior temporal gyrus (x = 43, y = 18, z = �26, r = �0.828, R2 = 0.69, P = .006, see figure 5 ). Across the whole sample (HR þ FEP), GM decreases were associated with elevation of the PANSS total score. This correlation survived correction for multiple comparisons and remained significant after checking for potential outliers with the Cook's d test.
We adopted a multiple-step approach with the encompassing objective of providing reliable neuroanatomical maps of psychosis onset. First, at the stage of studies selection, we decided to include whole-brain (VBM) studies only avoiding ROI approaches (ie, ROIs or even SVC). Additionally, we carefully checked that the majority of studies included have employed some statistical method to correct the whole-brain results for multiple comparisons. The specific aim of the present meta-analysis however was to control for the potential confounding effect of medications. Thus, we have selectively included studies enrolling antipsychotic-naive subjects only. There is converging evidence indicating chronic antipsychotic treatment can influence GM volume in established psychosis. Recent structural imaging studies have further clarified that antipsychotic exposure can affect GM volume even at the onset of the disease, in the early phases of psychosis, influencing the structure of temporal and prefrontal cortex. 17 In line with these findings, functional imaging studies have indicated that short-term or acute antipsychotic treatment can alter the neurophysiological cortical response during cognitive functioning. 16 In a second step, we have computed a formal meta-analysis of individual effect sizes to test the magnitude of individual GM changes and overall replicability of imaging findings. To our best knowledge, this is the first time a formal effect-size meta-analysis is combined with a voxel-location statistical approach, to respectively ascertain both robustness and location of brain abnormalities underlying psychosis onset. The observed effectsize for gray matter decrease (0.7), Recent structural imaging studies have further clarified that antipsychotic exposure can affect GM volume even at the onset of the disease, in the early phases of psychosis, influencing the structure of temporal and prefrontal cortex. 17 In line with these findings, functional imaging studies have indicated that short-term or acute antipsychotic treatment can alter the neurophysiological cortical response during cognitive functioning. 16 In a second step, we have computed a formal meta-analysis of individual effect sizes to test the magnitude of individual GM changes and overall replicability of imaging findings. To our best knowledge, this is the first time a formal effect-size meta-analysis is combined with a voxel-location statistical approach, to respectively ascertain both robustness and location of brain abnormalities underlying psychosis onset. The observed effectsize for gray matter decrease (0.7), Recent structural imaging studies have further clarified that antipsychotic exposure can affect GM volume even at the onset of the disease, in the early phases of psychosis, influencing the structure of temporal and prefrontal cortex. 17 In line with these findings, functional imaging studies have indicated that short-term or acute antipsychotic treatment can alter the neurophysiological cortical response during cognitive functioning. 16 In a second step, we have computed a formal meta-analysis of individual effect sizes to test the magnitude of individual GM changes and overall replicability of imaging findings. To our best knowledge, this is the first time a formal effect-size meta-analysis is combined with a voxel-location statistical approach, to respectively ascertain both robustness and location of brain abnormalities underlying psychosis onset. The observed effectsize for gray matter decrease (0.7), according to the criteria established by Cohen is considered large, and this may reflect true neurobiological changes in the patient groups. In a final step, we have decided to employ SDM over other voxel-based meta-analytical packages because it allows weighting the results for sample sizes and addressing the confounding effect of moderators in meta-regression analyses.
To describe reliable neuroanatomical maps of psychosis onset, the key contrast was the comparison between the antipsychotic-naive HR group with the antipsychotic-naive FEP group. We found GM reductions underlying the onset of disease, with volume loss within the anterior cingulate, cerebellar, and temporoinsular regions, in line with previous analyses suggesting a trend toward GM loss. 40 While we found more widespread GM volume reductions in the right hemisphere in HR and FEP patients compared with controls, when comparing FEP and HR directly, the left hemisphere was more affected. Consequently, GM reductions rather than increases seem to characterize the onset of psychosis. These alterations are independent of illness duration and antipsychotic treatment because they were observed in drug-naive subjects, and they were controlled for several confounders.
With respect to the anatomical localization of GM loss, reduction in anterior cingulate volume has been observed in psychotic disorders in association with impairments in emotional processing and higher executive performances (for a review, see ref. 41 ). The anterior cingulate is crucial for integrating cognitive and emotional processes in support of goal-directed behaviour. The functional diversity of the anterior cingulate, which encompasses executive, social cognitive, and affective functions, suggests that abnormalities in the region may partly explain the difficulties in cognitive and emotional integration that characterize the clinical manifestations of psychosis. 42 Neuropathological research has supported a core role for anterior cingulate dysfunction in psychosis revealing alterations in the cellular and synaptic architecture of the region. 43 A recent SDM voxel-based metaanalysis confirmed anterior cingulate (and insular) GM reductions in subjects presenting a first episode of psychosis, suggesting that the general salience network is abnormal from the onset of the illness in schizophrenia. 
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Neuroanatomical Maps of Psychosis Onset according to the criteria established by Cohen is considered large, and this may reflect true neurobiological changes in the patient groups. In a final step, we have decided to employ SDM over other voxel-based meta-analytical packages because it allows weighting the results for sample sizes and addressing the confounding effect of moderators in meta-regression analyses.
With respect to the anatomical localization of GM loss, reduction in anterior cingulate volume has been observed in psychotic disorders in association with impairments in emotional processing and higher executive performances (for a review, see ref. 41 ). The anterior cingulate is crucial for integrating cognitive and emotional processes in support of goal-directed behaviour. The functional diversity of the anterior cingulate, which encompasses executive, social cognitive, and affective functions, suggests that abnormalities in the region may partly explain the difficulties in cognitive and emotional integration that characterize the clinical manifestations of psychosis. 42 Neuropathological research has supported a core role for anterior cingulate dysfunction in psychosis revealing alterations in the cellular and synaptic architecture of the region. 43 A recent SDM voxel-based metaanalysis confirmed anterior cingulate (and insular) GM reductions in subjects presenting a first episode of psychosis, suggesting that the general salience network is abnormal from the onset of the illness in schizophrenia. Our group has previously showed anterior cingulate alterations are already evident prior the onset of disease during the prodromal phase and play a crucial role in psychosis transition. 6 There is also specific functional imaging evidence indicating abnormal anterior cingulate engagement in the early phases of psychosis, 45, 46 in subjects at genetic risk for psychosis, 47, 48 and in subjects at clinical risk for psychosis. 6, 9 Of interest, anterior cingulate function and structure has been reported to be especially sensitive to remedial antipsychotic treatment in psychosis. 49, 50 As there is evidence indicating that few weeks of antipsychotic treatment modulate the anterior cingulate response 51, 52 and as the latter has been associated with the longitudinal functional outcomes in at risk subjects, 53 the question of the functional significance of dynamic prefrontal changes in the prodromal phases of psychosis may have some potential clinical implications for preventive interventions.
Work suggesting that cerebellar abnormalities occur in schizophrenia has been slowly accumulating for several decades. 54 The cerebellum participates in neural circuits that perform higher cognitive functions of the sort mediated by heteromodal association cortices. It is connected to many regions of the cerebral cortex by a cortico-cerebellarthalamic-cortical circuit playing a crucial role in this distributed circuit and coordinate or modulate aspects of cortical activity. 54 In line with these premises, structural abnormalities in the cerebellum have been widely observed in HR subjects with subsequent development of psychosis. 55 Similarly, involvement of the insular cortex is a common finding in neuroanatomicalstudiesofschizophrenia.Theinsulaisacorticalstructurewithextensiveconnectionstomanyareasofthe cortex and limbic system. It integrates external sensory input with the limbic system and is integral to the awareness of the body's state. 56 Many deficits observed in schizophrenia involve these functions and may relate to insula pathology, including the processing of both visual and auditory emotional information, pain, and neuronal representations of the self. Additional evidence confirms that insula alterations are crucial to the development of frank psychosis from an HR state. 57, 58 Finally, alterations in the superior temporal gyrus and its subregions have been shown in psychosis and appear to be specifically involved in the generation of hallucinations and thought disorders (for a review, see ref. 59 ). The most striking finding of our study was of a significant whole-brain metaanalytical correlation between brain structure and symptoms in the superior temporal gyrus, with GM reductions being associated with elevation of psychotic symptoms. As the HR group showed temporal GM decreases compared to controls, these alterations may reflect preexisting vulnerability. However, a decrease was also observed when the HR group was compared with the FEP group, suggesting that Our group has previously showed anterior cingulate alterations are already evident prior the onset of disease during the prodromal phase and play a crucial role in psychosis transition. 6 There is also specific functional imaging evidence indicating abnormal anterior cingulate engagement in the early phases of psychosis, 45, 46 in subjects at genetic risk for psychosis, 47, 48 and in subjects at clinical risk for psychosis. 6, 9 Of interest, anterior cingulate function and structure has been reported to be especially sensitive to remedial antipsychotic treatment in psychosis. 49, 50 As there is evidence indicating that few weeks of antipsychotic treatment modulate the anterior cingulate response 51, 52 and as the latter has been associated with the longitudinal functional outcomes in at risk subjects, 53 the question of the functional significance of dynamic prefrontal changes in the prodromal phases of psychosis may have some potential clinical implications for preventive interventions.
Work suggesting that cerebellar abnormalities occur in schizophrenia has been slowly accumulating for several decades. 54 The cerebellum participates in neural circuits that perform higher cognitive functions of the sort mediated by heteromodal association cortices. It is connected to many regions of the cerebral cortex by a cortico-cerebellarthalamic-cortical circuit playing a crucial role in this distributed circuit and coordinate or modulate aspects of cortical activity. 54 In line with these premises, structural abnormalities in the cerebellum have been widely observed in HR subjects with subsequent development of psychosis. 55 Similarly, involvement of the insular cortex is a common finding in neuroanatomicalstudiesofschizophrenia.Theinsulaisacorticalstructurewithextensiveconnectionstomanyareasofthe cortex and limbic system. It integrates external sensory input with the limbic system and is integral to the awareness of the body's state. 56 Many deficits observed in schizophrenia involve these functions and may relate to insula pathology, including the processing of both visual and auditory emotional information, pain, and neuronal representations of the self. Additional evidence confirms that insula alterations are crucial to the development of frank psychosis from an HR state. 57, 58 Finally, alterations in the superior temporal gyrus and its subregions have been shown in psychosis and appear to be specifically involved in the generation of hallucinations and thought disorders (for a review, see ref. 59 ). The most striking finding of our study was of a significant whole-brain metaanalytical correlation between brain structure and symptoms in the superior temporal gyrus, with GM reductions being associated with elevation of psychotic symptoms. As the HR group showed temporal GM decreases compared to controls, these alterations may reflect preexisting vulnerability. However, a decrease was also observed when the HR group was compared with the FEP group, suggesting that there may be active progressive changes of the temporal cortex during the transition period into psychosis. 60 This is in line with available evidence of progressive structural and neurochemical abnormalities in temporal cortices during psychosis onset. 7, 61 Our correlation is of particular interest as the superior temporal gyrus is known to be implicated in the genesis of positive psychotic symptoms, as suggested by early structural imaging studies. 62 The superior temporal gyrus contains several important structures of the brain, including primary auditory cortex in Heschl's gyrus and auditory association cortical areas in the anterior portion of planum temporale. 59 These regions have been thought of as candidates for the neural basis of language-related psychotic symptoms such as auditory hallucinations and thought disorders in patients with schizophrenia. 63 In line with the above findings, a recent meta-analysis of functional imaging studies confirmed abnormal neural activity in the superior temporal gyrus of schizophrenic patients during auditory hallucinations. 64 Limitations of the current study are well acknowledged. The small sample size, although similar to those of previous voxel-based meta-analyses, 65 limited the power of our inferences, in particular subanalyses and meta-regressions. Furthermore, the present meta-analysis aimed to reveal differences in GM at specific brain coordinates rather thandifferencesinvolumesofprespecifiedROIs.Toachieve robust whole-brain results and to avoid selective reporting bias, we did not include ROIs data in this meta-analysis nor any contrasts that employed ROIs or even small-volume corrections. However, although the VBM provides an unbiased approach to establish the presence of regional differences in GM by surveying the whole brain, its limitations relate to the difficulty of spatially normalizing brains, the robustness of standard parametric tests and the interpretation of the results. 66 In particular, VBM is sensitive to systematic shape differences attributable to misregistration from the spatial normalization procedure. 66 Meta-analyses of brain volumes may also be vulnerable for biases in the literature, with selective outcome reporting and selective analyses reporting being possible explanations. An additional issue concerns the methodological differences of VBM studies. These include differences in smoothing kernel size, slice thickness, statistical threshold, and modulation used in preprocessing of VBM. The most important caveat of VBM imaging meta-analyses is the differential association with the variousendophenotypesof the illness. The observedneuroanatomical differences may reflect the composite psychopathologicalstatusoftheHRgroup,whichincludestrueHR subjects (who will later develop psychosis) and subjects who are at HR but will not become psychotic. 67 The cross-sectional designoftheincluded studies prevented to clarify their long-term clinical outcome and the extent to which the observed findings relate to the subsequent onset of psychosis remains to be determined. To address biases and limit heterogeneity, we have controlled the effect of variables such as age, gender, and symptoms, but other factors like substance abuse and cognitive functioning could potentially play a confounding role. Additionally, it was not possible to use premorbid adjustment, race, and educational level as covariate as only a few studies have clearly reported them.
Conclusions
On the basis of available imaging literature, psychosis onset is characterized by consistent temporoinsular, anterior cingulate, and cerebellar GM reductions. Structural alterations in temporal regions are associated with severity of psychotic symptoms.
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